Acute malignant catarrhal fever (MCF) was diagnosed in 10 bison from 6 herds and ranging from 1 to 6 years of age. The pattern of clinical signs and morphologic lesions differed among bison. Combinations of corneal opacity, lacrimation, nasal discharge, depression, excess salivation, anorexia, diarrhea, melena, and hematuria were observed. Vasculitis characterized by lymphoid infiltrates in the adventia with variable extension into media and intima was found in multiple tissues in each animal. Fibrinoid vascular necrosis was rare. Ulceration in the alimentary tract was found in 9/10 bison, and ulceration or hemorrhage in the urinary bladder was found in 8/10 bison. Lymphoid infiltrates were present in 7 of 9 livers and 9 of 9 kidneys examined histologically. Hyperplasia of lymph nodes was observed in 5 bison. Chronic MCF was diagnosed in 1 bison with an 80-day course of illness that began with lacrimation, corneal opacity, mucoid nasal discharge, depression, and anorexia. These signs ceased after 15 days but circling and blindness developed on day 76. Chronic vascular lesions characterized by endothelial cell hypertrophy, intimal thickening, fragmentation of the internal elastic membrane, smooth muscle hypertrophy, and adventitial infiltrates of lymphocytes and plasma cells were found in many organs. The retinal arteries had chronic inflammation and acute transmural fibrinoid necrosis. The retinas were infarcted. Polymerase chain reaction technique for amplification of ovine herpesvirus 2 sequences was performed on formalin-fixed tissues, and viral sequences were detected in 1-7 tissues from each animal. These viral sequences were not found in tissues of 4 bison not affected by MCF.
Malignant catarrhal fever (MCF) is an infectious disease of cattle, bison, and other ruminants. It is usually a rapidly progressing disease with a high mortality rate. Cases reported previously in bison have resulted in 100% mortality. 13 Recently, cases have been documented where cattle have survived 150 days and 2.5 years after onset of disease. 9, 10 There are 2 forms of MCF, wildebeest associated and sheep associated. Cattle that develop wildebeest-associated MCF are infected with a gamma herpesvirus, alcelaphine herpesvirus 1 (AHV-1), which is carried by wildebeest. 11 There is evidence that sheep-associated MCF (SA-MCF) may be associated with ovine herpesvirus 2 (OHV-2), which is similar to AHV-1. 1 OHV-2 has not yet been isolated, although it has been characterized by comparing DNA sequences of AHV-1 with that found in lymphocytes from animals infected with SA-MCF. 2 Morphologic lesions of acute cases of SA-MCF in cattle include generalized lymphoid vasculitis, multisystemic epithelial ulcerations, lymphoid hyperplasia, lymphoid infiltrates in kidney and liver, meningitis, and ophthalmitis. 3, 6, 7 It has been proposed that the infiltrating lymphocytes are infected with gamma herpesvirus, which causes the tissue destruction. 7 Chronic MCF in cattle is characterized by lymphocytic arteritis and arteriosclerosis. 9, 10 In this report, we describe the clinical signs and morphologic lesions in 10 bison that died after 1-11 days of illness and in 1 bison that survived 80 days after acute onset of MCF. Infection of these bison with OHV-2 was confirmed by polymerase chain reaction (PCR) testing for OHV-2 sequences.
Materials and methods
Source of case material. The cases were gathered from submissions to the Colorado State University Veterinary Diagnostic Laboratory. The affected bison were from 7 herds in northern Colorado. One case occurred in March 1994, 5 in January-February 1996, and 4 from November 1996 to January 1997. Clinical signs were reported by the submitting veterinarian. Nine bison with acute MCF died, and 1 with acute MCF and 1 with chronic MCF were euthanized.
Pathology. Necropsies were performed at the Veterinary Diagnostic Laboratory except for bison 1 and bison 9, which were necropsied on their farms by veterinary practitioners. All gross necropsies were performed on the day of death. Tissues for histologic examination were fixed in 10% formalin, processed routinely, sectioned at 5 m, and stained with hematoxylin and eosin (HE).
Polymerase chain reaction. PCR for OHV-2 sequences was performed as previously described. 5 Tissue sections from paraffinized blocks were processed for release of nucleic acids and then amplified with a SA-MCF-specific PCR assay, which produces a 460-base-pair flank. The sections were first deparaffinized and rehydrated into water; then, while still wet, an approximately 1-cm 2 area was placed into a small tube containing 20 l of sterile deionized, distilled water and 20 l of commercial lysing buffer. a The tube was heated in a microwave oven for 7 min at the highest setting (approximately 4,500 watt-minutes) and then microcentrifuged (7,200 ϫ g, 1 min). The entire contents of the tube was used for PCR. To process whole blood, 0.5 ml of whole blood was mixed with 0.5 ml of TE buffer (0.01 M tris, pH 8.0, 1 mM ethylenediaminetetraacetic acid) containing 0.5% Triton X-100 b and 10% w/v sucrose. After mixing, the resulting nuclei were microcentrifuged (7,200 ϫ g, 1 min) and washed twice with lysing buffer. The pellet was resuspended in TE buffer containing 2.5 mg/ml proteinase K, c 0.5% NP40, d and 0.5% Tween 20, e overlain with mineral oil, and incubated at 55 C for 1 hr. The mixture was microcentrifuged, and 5 l was used for PCR. Two sections of lymph node from a positive animal and 1 section from a negative animal and 1 water blank were run as positive and negative controls, respectively, with each assay.
Virus isolation. Virus isolation for bovine viral diarrhea virus was performed on lymph nodes of bison 1, 2, and 9 at the request of the submitting veterinarians.
Competitive enzyme-linked immunosorbent assay. Serum from 1 acutely ill bison and the single chronically ill bison was collected just before death. These were tested by competitive enzyme-linked immunosorbent assay (c-ELISA) for antibody to virus isolated from MCF cases. 4
Results
Clinical histories. Clinical signs in the 10 bison with acute MCF differed ( Table 1 ). Corneal opacity, lacrimation, nasal discharge, anorexia, salivation, diarrhea, melena, depression, and hematuria were noted. Signs were observed for 1-4 days in bison 2-7 and 10. Bison 1 and 8 were found dead, but no abnormalities had been noted in them the day before death. Bison 9 had an 11-day course of illness that began with anorexia, fever, tenesmus, and behavior suggesting blindness but no clinically observable eye lesions. This bison was treated with antibiotics and nonsteroidal antiinflammatory drugs and improved for 5 days. The animal appeared to have normal appetite and vision on days 5 and 6. On day 7 blindness with corneal opacity, tenesmus, melena, and fever developed and continued until death on day 11.
Chronic MCF was diagnosed in bison 11, a 22month-old female with an 80-day course of illness. This animal was the only MCF case on this farm. On day 1, a clinical diagnosis of MCF was made based on acute development of lacrimation, corneal opacity, mucoid nasal discharge, depression, and anorexia. The animal was given supportive medical care, and after 6 days its condition improved. By day 15, this bison was clinically normal. On day 76, the bison began circling and appeared to be blind. This condition continued until it was euthanized and necropsied on day 80.
Pathology. The lesions differed among the 10 acutely ill bison (Table 1) . Gross lesions included corneal opacity, ulceration in the alimentary track, hemorrhages in the urinary bladder, and enlargement of lymph nodes.
Acute vasculitis was the most prominent histologic lesion ( Fig. 1) and was characterized by infiltrates of lymphoid cells in the adventia of vessels. Some affected arteries also had extension of inflammation into the media and intima. Each animal had vasculitis in at least 3 organs, but no animals had all organs affected (Table 1 ). Fibrinoid vascular necrosis was readily apparent only in bison 9.
Corneas of all eyes examined microscopically had edema of the stroma and infiltrates of lymphoid cells at the limbus. In the sclera, iris, and ciliary body of bison 2, 4, 6, and 9, there were lymphoid cells in perivascular locations and within vessels walls. Inflammation of the retinal arteries was present in bison 8 and 9. Lymphoid conjunctivitis was present in bison 2, 4, and 10.
Meninges of 6 bison had a mild diffuse accumulation of lymphocytes in the connective tissues in addition to vasculitis. Of these 6 bison, 2 also had scattered perivascular accumulations of lymphocytes in brain parenchyma.
Lesions in the alimentary tract ranged from areas with necrosis of a few individual epithelial cells to extensive areas of ulceration ( Fig. 2) . Lymphoid infiltrates into the epithelium accompanied the necrosis (Fig. 3 ). These areas of necrosis occurred with or without local vasculitis ( Table 1 ). The only tissue that had microscopic areas of cell necrosis with no gross lesions was the esophagus of bison 7, which had no vasculitis. The intestine of this bison had both gross ulcers and microscopic vasculitis.
Lymphoid infiltrates around small vessels in the renal cortex and arcuate arteries were present in all 9 kidneys examined ( Fig. 4 ). Six of these animals also had lymphoid infiltrates in portal areas of liver. Lymphoid hyperplasia was present in lymph nodes of 5 of 6 bison from which lymph nodes were examined microscopically. White pulp of the spleen was hyperplastic in 2 bison and was depleted in 4 bison.
Urinary bladder ulcerations and hemorrhages were seen in 8 of 9 bladders examined. Vasculitis was seen in 6 of these, including fibrinoid necrosis of vessels in the submucosa and muscular layer in bison 9. Arteritis within the testes and decreased spermatogenesis and accumulation of multinucleate spermatocytes in the lumina of seminiferous tubules were seen in 3 bulls examined. Vessels in the pampiniform plexus were normal. Lungs were frequently congested and hemorrhagic, but distinct microscopic vasculitis was not apparent.
Gross lesions in bison 11, which had the 80-day course of disease, were cloudiness of the cornea extending approximately 1 cm from the limbus toward the center of the eye, hemorrhages in the urinary bladder, and irregularly thickened prominent vessels in the ventral meninges. The most prominent histologic le- the vessel walls. The vessel lumina were occluded. Both retinas were infarcted, and a large amount of brightly eosinophilic fluid was present in the vitreous chambers.
The brain had a diffuse lymphocytic inflammatory infiltrate in the meninges and scattered perivascular accumulation of lymphocytes in the parenchyma in addition to the acute and chronic meningeal vasculitis. Lymph nodes and the white pulp of the spleen were hyperplastic. The liver had mild lymphocytic infiltrates in the portal areas. Kidneys had no apparent infarction and only very mild lymphoid infiltrates around small vessels in the cortex despite marked chronic inflammation of arcuate arteries. Epithelium and vessels of the alimentary tract appeared normal.
Polymerase chain reaction. At least 1 tissue from each MCF case was positive for OHV-2 sequences, using the PCR technique ( Table 2 ). Thirty-six of a total of 39 tissues were positive, and all positive tissues examined histologically except lung had lesions associated with MCF. Bison 8 was pregnant, and OHV-2 sequences were found in fetal lymph node. OHV-2 se- Virus isolation. No viruses were isolated from bison 1, 2, or 9.
c-ELISA. The 2 serum samples from bison with MCF were positive for antibody to virus.
Discussion
The types of clinical signs and lesions in these 10 acute cases of MCF are consistent with previous reports of acute MCF in cattle and bison. [6] [7] [8] 12, 13 In several instances, lesions were found at necropsy but clinical signs expected with such lesions had not been observed. For example, corneal opacity, a hallmark of MCF in cattle, was observed in only 4 of 10 bison while alive but was found in all at necropsy. Nine animals had ulcerations at some point in the alimentary tract, but clinical signs referable to the ulcers were observed in only 4. These discrepancies probably reflect the difficulty of conducting a complete physical examination on a bison.
There was marked variability of clinical signs and morphologic lesions in these 10 bison that died of MCF. Previous descriptions of acute MCF cases also included variability. Each animal in this report had multiple abnormalities, but none had all of the possible lesions and no 2 animals were exactly alike. Lymphoid vasculitis was the most distinctive feature of the disease, but even this lesion had different distribution patterns and levels of severity among the bison. In general, the vasculitis was less severe in these bison than in cattle. Hemorrhage or ulceration in the urinary bladder is seen more often in MCF than in other diseases, but even this lesion did not appear in every bison. Because there is so much variability, clinical and postmortem diagnosis of MCF should be based on the characteristics of the lesions and overall pattern of abnormalities. Fibrinoid necrosis of blood vessels was conspicuous only in the bison with the 11-day clinical course of disease and in the chronically ill bison. This lack of fibrinoid necrosis contrasts with previous reports on MCF cases, which have included this lesion as a distinguishing feature. Another way in which these MCF cases in bison differ from most cases in cattle is that lymphoid infiltrates in liver and kidney and hyperpla-sia of lymph nodes were less severe than usually seen in cattle.
Chronic cases of MCF have been documented in cattle. However, previous reports of MCF in bison have described acute illness with 100% mortality. The vascular lesions in the 1 bison that survived an acute episode of MCF were similar to those found in cattle that have survived 90-150 days. 9, 10 The chronic vascular lesions in this bison support the clinical diagnosis of MCF made at the time of the acute illness. Vasculitis probably began at the time of initial clinical signs and progressed during the whole period of illness. Vascularization of the cornea probably started to develop at the time of the initial corneal opacity. The acute fibrinoid necrosis of the retinal arteries that was superimposed on chronic vasculitis probably accounted for the infarction of retinas and acute development of blindness.
This report of a bison with an 80-day illness indicates that bison as well as cattle can survive an acute episode of MCF. This bison had a period of 61 days with no clinical illness even though vascular damage was probably present. Because bison can survive MCF, there may be more cases of MCF than are recognized. Bison could live for weeks to months with vascular damage insufficient to cause clinical signs or with vascular damage causing compromise of organ function without MCF being suspected as the underlying cause. Low-grade disease caused by vasculitis would not likely to be diagnosed as MCF because fulminating fatal disease is expected. If a veterinarian makes a clinical diagnosis of MCF and the animal survives, then the veterinarian might change the diagnosis based on current understanding of MCF, leading to underestimation of the prevalence of the disease. Thus, the incidence of MCF in bison could be higher than recognized.
The PCR assay detected OHV-2 sequences in all of the bison with MCF and in none without MCF. Previous application of this PCR assay has shown these viral sequences to be present in clinical MCF cases in cattle. 5 Kidney, liver, and lung tissue were the most consistent tissue sources for amplifiable sequences, although brain, tonsil, lymph node, spleen, and urinary bladder each were positive by PCR in at least 1 animal. The MCF gamma herpesviruses are thought to replicate in lymphocytes. 1, 3 Presence of the viral sequences usually was correlated with lymphoid infiltration, lymphocytic vasculitis, or lymphocytic proliferation in the tissue. However, viral sequences were often detected in lung but were not correlated with histologic lesions. Presence of OHV-2 sequences in the fetal lymph node indicates transplacental infection but does not indicate whether the calf would develop disease if it had been born. To date, this herpesvirus has not been isolated, and confirmation of its role in the pathogenesis of MCF must await experimental transmission studies. 
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